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ABSTRACT 
The transmembrane association of the measles virus hemagglutinin and hemolysin 
surface  proteins  with  intracellular  viral  antigens  was  studied.  Rabbit  antisera 
monospecific for measles virus matrix  and  nucleocapsid  proteins  and  a  human 
antiserum  containing  specificities  for  both  the  hemagglutinin  and  hemolysin 
proteins were used  to  study the co-capping of these  proteins in  human  Lu  106 
cell-line, chronically infected with measles virus. Capping of the surface-associated 
envelope components was accompanied by co-capping of the matrix and nucleo- 
capsid  proteins,  the  latter  being  localized  mainly  within  the  inclusions.  This 
demonstrated  transmembrane  communication  between surface-associated enve- 
lope  components  and  the  intracellular  measles  virus  matrix  and  nucleocapsid 
proteins.  The  results  demonstrated  the  existence  of  a  linkage  between  viral 
inclusions and viral proteins associated with cell membranes. In the presence of 
cytochalasin B  (1-2  tzg/ml), co-capping of the matrix protein was unchanged  or 
slightly  enhanced,  whereas  co-capping of the  nucleocapsid  protein  decreased, 
indicating  that  actin  filaments  may  mediate  the  communication  between  viral 
nucleocapsids and the cell membrane. 
KEY  WORDS  transmembrane communication  - 
measles  actin  matrix  nucleocapsid  - 
virus assembly 
The  identification  of  actin  in  many  enveloped 
viruses (2,  7,  10,  15) including  measle~ virus (8, 
14) raises the question of the role of actin in these 
viruses. There is morphological and  biochemical 
data indicating  that the actin in these viruses is an 
internal protein of the virion (2, 14).  During virus 
budding,  the  nucleocapsids  of  paramyxoviruses 
move to an area of the cell membrane rich in viral 
matrix and glycoproteins before being enveloped 
(I). The mechanism of the movement of nucteo- 
capsids to the site of budding remains unknown. 
Acute  infection  of cells  in  tissue  culture  with 
paramyxoviruses changes the distribution  of cel- 
lular microfilaments (6,  12). Microfilaments have 
been assigned a role in the appearance and spread- 
ing of measles virus envelope proteins on the cell 
surface  (3,  4).  Recently,  Damsky  et  al.  have 
suggested that actin interacts with virus nucleoids 
for the extrusion of murine mammary tumor virus 
from infected cells (2).  Using  monospecific anti- 
sera for viral matrix and nucleocapsid proteins, we 
present evidence for transmembrane communica- 
tion  between viral envelope components on  the 
cell  surface and  the  intracellular  matrix and  nu- 
cleocapsid  proteins.  The  communication  of nu- 
cleocapsid-containing inclusions  with  membrane- 
associated viral antigens was disrupted  by treat- 
ment  with  cytochalasin  B,  indicating  a  possible 
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capsids to the cell membrane. 
MATERIALS  AND  METHODS 
Cells 
A  human  heteroploid cell line, Lu  106 cells,  and  a 
carrier cell line of Lu 106 cells chronically infected with 
the Edmonston strain  of measles virus (9) were used. 
The cells were grown in Eagle's minimal essential me- 
dium,  supplemented  with streptomycin, penicillin, and 
5%  calf serum  at  33~  for 3-5  d  to  induce  maximal 
expression of measles virus antigens in the carrier cells 
(9). 
Sera 
Rabbit monospecific antisera for matrix and nucleo- 
capsid proteins were prepared using antigens sliced from 
large, preparative  SDS slab  gels of 2.5  mg of purified 
measles virus (14).  The proteins in  the acrylamide gel 
were used in complete Freund's adjuvant for intramus- 
cular injection. After boosters at 3 and 4 wk, the animals 
were  exsanguinated  at  6  wk  postimmunization.  The 
monospecific antisera for matrix and nucleocapsid pro- 
teins were characterized by an absence of hemagglutina- 
tion-inhibition (HI) and hemolysis-inhibition  (HLI) ac- 
tivities, but had complement-fixing antibodies for matrix 
and nucleocapsid proteins, respectively.  1 Normal rabbit 
sera were used as controls. 
A human serum with an HI titre of 1:400 and a non- 
HI hemolysis-inhibition titre of 1:320 was used to detect 
measles virus envelope antigens present on the carrier 
cell surface. Absorption with measles virus reduced the 
HI titer to <20 and the non-HI hemolysis-inhibition  titer 
to <80. 
Combined Fluorescence Staining of 
Surface and Intracellular Antigens 
After  1-2  min  of  treatment  with  0.1%  trypsin  in 
0.02% EDTA, the carrier cells and control noninfected 
Lu 106 cells were resuspended in Eagle's minimal essen- 
tial medium supplemented with streptomycin, penicillin, 
and  5%  calf serum.  Cell viability  was  >95%  as deter- 
mined  by  trypan  blue  dye  exclusion.  Human  serum 
containing  antibodies  to  both  measles  virus  envelope 
components, the hemagglutinin and the hemolysin, was 
diluted 1:10, and 0.2 ml was added to one million cells. 
The reactants  were incubated  at 37~  for 30  min  and 
washed in Tyrode's buffer containing 20% calf serum. 
The cells were stained for 30 min at 37~  with 0.2 ml 
of  rhodamine  (tetramethyl-rhodamine  isothiocyanate 
[TRITC])-conjugated sheep anti-human  immunoglobu- 
lin absorbed  with rabbit serum with an R/P molar ratio 
of 3.2 (the National Bacteriological Laboratory, Stock- 
Tyrrell, D, L. J., Y. Thorbell, and E. Norrby. Manu- 
script in preparation. 
holm, Sweden). The cells were washed once in Tyrode's 
buffer and the antibody-induced redistribution continued 
at 37~  for 1 h in 1 ml of medium. After centrifugation, 
the cells were resuspended in a chelating buffer, 34 mM 
citrate (5), smeared on glass slides,  and air-dried before 
fixation  with  acetone.  Intracellular  viral  components 
were reacted with rabbit monospecific antisera for mea- 
sles matrix or nucleocapsid  proteins, diluted  1:50. The 
antigen-antibody  reactions  were  stained  with  a  sheep 
anti-rabbit  fluorescein  (fluorescein  isothiocyanate 
[F1TC])-conjugated  immunoglobulin, absorbed with hu- 
man serum, with an F/P molar ratio of 2.9 (the National 
Bacteriological  Laboratory,  Stockholm,  Sweden).  In 
parallel experiments, cytochalasin  B  (Aldrich Chemical 
Co., Inc., Milwaukee, Wis.) was used at 1 or 2 o.g/ml in 
all  media.  This  technique  of  combined  fluorescence 
staining  of surface  and  intracellular antigens has  been 
used in a previous study (13). 
The spontaneous  distribution of measles virus enve- 
lope components present on the carrier cell surface  was 
detected in immunofluorescence after fixation of cells in 
4%  paraformaldehyde  (11).  Another control was  live 
ceils which had not been capped before acetone fixation 
(5) which were subsequently stained with matrix protein 
antiserum and nucleocapsid protein antiserum. 
Human and rabbit sera lacldng measles virus antibod- 
ies were used in control experiments. 
The  cells  were  evaluated  in  a  Zeiss  fluorescence 
microscope.  The  activation filters for TRITC staining 
were BG 38  and  BP 54191,  The beamsplitter was FT 
580 and barrier filter was LP 590. Activation filters for 
FITC staining  were BG 38, KP 490 and  LP 455.  The 
beamsplitter was FT 510 and barrier filters were 51-58. 
RESULTS  AND  DISCUSSION 
Immunofluorescence Patterns of  Antisera 
against Measles Matrix Protein and 
Measles Nucleocapsid Protein in 
Chronically  Infected Cells 
After acetone  fixation of measles-infected car- 
rier cells,  the  monospecific antiserum  for  matrix 
protein  (Fig.  1A) showed staining of cytoplasmic 
viral inclusions and some membrane staining. The 
monospecific  antiserum  for nucleocapsid  protein 
showed  primarily  staining  of  cytoplasmic  inclu- 
sions, with only a  few cells showing a  little mem- 
brane  staining  (Fig.  1B).  These rabbit  monospe- 
cific antisera  did  not  stain  the  surface  of live or 
paraformaldehyde-fixed carrier cells, or the intra- 
cellular components  of acetone-fixed,  uninfected 
Lu  106 cells in the dilution range of 1:15 to 1:60. 
Therefore,  the  membrane  immunofluorescent 
staining seen in the acetone-fixed cells with these 
antisera,  diluted  1:50, must have been located on 
the  cytoplasmic  side  of  the  membrane.  Rabbit 
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virus components in chronically infected cells. Distribu- 
tion of measles virus matrix (A) and nucleocapsid (B) 
antigens in acetone-fixed Lu 106 carrier cells as demon- 
strated  by  indirect  immunofluorescence, using rabbit 
anti-matrix protein  serum,  1:50 (A),  or  rabbit  anti- 
nucleocapsid protein serum, 1:50 (B), and sheep anti- 
rabbit FITC conjugate, 1:10. The surface distribution of 
measles envelope antigens (C) in Lu  106 carrier cells 
fixed in 4%  paraformaldehyde. The cells were stained 
by a human serum containing measles virus antibodies 
diluted 1:10, and a sheep anti-human FITC conjugate 
1:10. Bar, 10 p,m. x  750. 
sera lacking measles virus antibodies did not react 
with either cell type. 
The carrier cells and noninfected Lu  106 cells 
were fixed with 4% paraformaldehyde (11), which 
is a  procedure that preserves both measles virus 
envelope components present on the  carrier cell 
surface and excludes immunofluorescence  staining 
of intracellular antigens (3).  Measles virus enve- 
lope antigens on the surface of carrier cells were 
detected in immunofluorescence by a  human se- 
rum, containing antibodies to both measles virus 
envelope components (Fig. 1 C). 
Neither the matrix protein nor the nucleocapsid 
protein is exposed on the cell surface as measured 
by the sensitive, mixed hemadsorption technique.~ 
Therefore,  the  human serum,  despite  its  multi- 
specificity  for measles virus antigens, may be used 
for capping and detection of envelope antigens on 
the surface of carrier cells under conditions which 
exclude  staining  of  intracellular  antigens.  The 
human serum  did  not react  with  the  surface  of 
uninfected  Lu  106  cells,  and  absorption  with 
measles  virus  removed  the  reactivity  with  the 
carrier cell surface as evidence that its  reactivity 
with  the  carrier  cell  surface  was  measles  virus- 
specific.  A  control human serum, devoid of mea- 
sles virus antibodies, did not react with the surface 
of carrier cells or uninfected Lu 106 cells. 
Co-capping of the IntraceUular Matrix 
and Nucleocapsid Proteins with 
Envelope Components 
We  thought  that  antibody-induced redistribu- 
tion  and  capping  of  surface-associated  compo- 
nents would lead to a co-capping of intracellular 
components if there was transmembrane commu- 
nication  between  these  entities.  Capping  and 
staining of live cells were performed in combina- 
tion with staining for intracellular antigens of fixed 
cells  by use of double immunofluorescence with 
separate  fluorochromes,  rhodamine  for  surface 
antigens and fluorescein for intracellular antigens 
(13). 
Capping  of  the  surface-associated  envelope 
components (Fig.  2A)  was  accompanied by co- 
capping of the  membrane-associated matrix pro- 
tein (Fig. 2 B) in -90% of capped cells (Table I). 
This  experiment  demonstrated  transmembrane 
communication between  the  matrix  protein  and 
2 Tyrrell, D. L. J., Y. Thorbell, and E. Norrby. Manu- 
script in preparation. 
398  THE  JOURNAL  OF  CELL  BIOLOGY ￿9  VOLUME  81,  1979 FIGURE 2  Antibody-induced transmembrane  co-capping of viral antigens  in Lu  106 cartier cells. (A) 
Capping of viral envelope antigens as demonstrated by human anti-measles serum,  1:10, and rhodamine 
(TRITC)-conjugated  sheep  anti-human  IgG absorbed by rabbit serum,  1:5, and (B) the co-capping of 
matrix protein in the same cell as demonstrated by rabbit anti-matrix protein serum, 1:50, and fluorescein 
(FITC)-conjugated sheep  anti-rabbit IgG absorbed by human  serum,  1:10.  (C)  Capping  of envelope 
components  as  in  Fig.  2A,  and  (D)  the  co-capping  of  nucleocapsid  protein  in  the  same  cell  as 
demonstrated by rabbit anti-nucleocapsid protein serum, 1:50. The fluorochromes used in Fig. 2 C and D 
were the same as used in Fig. 2A and B, respectively. Bar, 10 tzm. x  750. 
viral  envelope  antigens  on  the  cell  surface.  In 
-70%  of capped cells, there was a  complete co- 
capping  of  the  matrix  protein  staining  with  no 
evidence  of  intracellular  matrix  protein  distant 
from the cap. This indicated that inclusions, con- 
taining matrix protein, were in the capped region. 
Alternatively, capping  might  have  resulted  in  a 
dissociation  of  matrix  protein  from  some  viral 
inclusions or from parts of inclusions. The nucleo- 
capsid protein staining showed co-capping in 60% 
of capped cells and complete co-capping in 30% 
of  capped  cells.  Since  very  little  nucleocapsid 
protein  staining  is  normally present  adjacent  to 
the  cell membrane,  inclusions, staining with  the 
nucleocapsid protein antiserum  and  demonstrat- 
ing co-capping, probably are linked to  submem- 
brane-associated viral proteins. Similar co-capping 
of  nucleocapsid-containing  inclusions  has  been 
demonstrated  by  electron  microscopy  (M.  Old- 
stone, personal communication). 
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Co-Capping* of Membrane-Associated and Inclusion-Associated Antigens: Effect o  f Cytochalasin B 
Immunofluorescence  pattern with antisera against: 
Treatment for 60 rain at 37~  Envelope components  Matrix protein  Nucleocapsid  protein 
Medium  Homogenous ring  Inclusion  and  some  mem-  Inclusions stained 
branes stained 
Antibody-induced  redistribu-  Caps  Co-capping  in  90%  of  Co-capping  in  60%  of 
tion  capped cells  capped cells 
Complete  co-capping  in  Complete  co-capping  in 
70% of capped cells  30% of capped cells 
2  /xg  Cytochalasin  B/ml  of  No capping  No capping  No capping 
medium 
Antibody-induced  redistribu-  Enhanced capping  Co-capping  in  100%  of  Co-capping  in  30%  of 
tion in the presence of 2 p.g  capped cells  capped cells 
cytochalasin B/ml  Complete  co-capping  in  Complete co-capping in 8% 
80% of capped cells  of capped cells 
The percentage  values of co-capping are derived from the mean of three experiments.  50 well-capped cells were 
evaluated for co-capping in each preparation. 
*  Co-capping indicates a redistribution  of intracellular antigens to the area where surface-associated antigens had 
accumulated  into a cap after reaction with antibodies of live cells and incubation at 37~  Complete  co-capping 
indicates that there was no staining of intracellular antigens distant from the cap. 
Interference by Cytochalasin B with the 
Co-Capping Phenomenon 
Cytochalasin B,  a  drug which alters microfila- 
ment function (16) was used to study the mecha- 
nism of co-capping of the matrix and nucleocapsid 
proteins with the envelope antigens (Fig. 3A-D). 
Cytochalasin B, 2/~g/ml, enhanced the capping of 
envelope  components  as  previously  described 
(13). The co-capping of matrix protein (Fig. 3A 
and  B)  was  somewhat  enhanced  by  2  p.g/ml of 
cytochalasin (Table I). However, 2  p.g/ml of cy- 
tochalasin B  markedly decreased the  co-capping 
of inclusions stained by the nucleocapsid protein 
antiserum  (Fig.  3C  and  D,  and  Table  I).  The 
difference  in  staining  pattern  obtained  by  the 
antisera against the matrix protein and the nucleo- 
capsid protein in the presence of cytochalasin B 
shows  that  these  antisera  are  directed  against 
separate entities. We have summarized the finding 
from three experiments in Table I. 
These experiments demonstrate a  loss of com- 
munication  between  the  membrane-associated 
viral antigens and the nucleocapsid-containing in- 
clusions in  the  presence  of cytochalasin B.  This 
provides additional evidence for the existence of a 
connection between the inclusions and cell mem- 
brane.  Since cytochalasin B  alters microfilament 
function,  our  results suggest that  microfilaments 
may mediate the communication between nucleo- 
capsids  and  the  membrane-associated viral pro- 
teins. However, we cannot exclude the possibility 
that cytochalasin B  interferes indirectly with the 
association between inclusions and the membrane 
and not via alterations of microfilament function. 
The discrepancy in the degree of co-capping of 
the matrix protein and the nucleocapsid protein in 
the presence of cytochalasin B is noteworthy. The 
similar physiochemical characteristics of the ma- 
trix protein and actin (both are filamentous and 
hydrophobic) may indicate that the possible ma- 
trix-actin association is stronger than the matrix- 
nucleocapsid protein association. An actin-nucleo- 
capsid  protein  association  may  also  exist.  It  is 
possible that cytochalasin B by its action on micro- 
filament function  induces a  disassociation of the 
matrix protein from  the  nucleocapsids. Thereby 
the  matrix  protein  may  become  more  closely 
associated  with  the  membrane  and  membrane- 
associated viral antigens whereas  the  nucleocap- 
sid-containing  inclusions  may  become  disasso- 
ciated from  the  membrane-associated viral anti- 
gens. 
We conclude (a) that envelope components are 
in transmembrane communication with the matrix 
protein on the cytoplasmic side of the cell mem- 
brane,  and  (b)  that  there  is  a  linkage  between 
membrane-associated viral antigens and viral in- 
clusions.  The  present  study  also  indicates  that 
actin  filaments may  mediate  the  connection  be- 
tween viral inclusions and the cell membrane. The 
transfer of nucleocapsids and matrix proteins from 
400  THE  JOURNAL  OF  CELL  BIOLOGY" VOLUME  81,  1979 FI6U~E  3  The effect of cytochalasin  B on the co-capping of viral antigens in Lu 106 carrier cells.  (A) 
Capping of viral envelope antigens by the human antiserum in the presence of 2 izg/ml of cytochalasin  B, 
and  (B)  the  co-capping of  membrane-associated matrix  protein  in  the  same  cell.  The  antisera and 
fluorochromes used in Fig. 3A and B  were the same as used in Fig. 2A  and B. (C) Similar capping as 
shown in Fig. 3A, and (D) The failure of inclusion-associated  nucleocapsid antigens in the same cell to co- 
cap with surface antigens in the presence of 2 /xg/ml cytochalasin  B. The antisera and flnorochromes in 
Fig. 3 C and D were the same as used in Fig. 2 C-D. Bar, 10/zm. ￿  750. 
the  cytoplasm to  the  site  of budding at  the  cell 
membrane could possibly be mediated by microfil- 
aments. On the basis of these and earlier findings 
(3,  4),  we  propose  that  the  role  of  actin  in 
paramyxoviruses is to participate in the assembly 
of these viruses. 
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